SoME Errects oF FILTRATION ON THE DETERMINATION OF COPPER
IN FRESHWATER AND SALTWATER!

ABSTRACT

Analysis of variance calculations were made
to interpret the effects of filtration, initial
copper concentration, and type of water on
the concentration of copper in filtered sam-
ples of freshwater and saltwater. Five types
of filters were tested. Filtration constituted
a significant source of variation. Each filter

tested reduced the reliability of the copper
determination.

INTRODUCTION

Natural waters are complex solutions
containing many elements, often at very
low concentrations that are difficult to
measure accurately. Much of the discrep-
ancy in the literature conceming the con-
centration of trace elements in seawater
may be a result of sample contamination.
Quantitative filter papers always contain
metal contamination and may adsorb such
metals as lead and copper (Sandell 1950).
Robertson (1968) investigated the role of

I Contribution No. 294 from the Bureau of Com-

mercial Fisheries Biological Laboratory, Galveston,
Texas 77550,

contamination in the trace element analy-
sis of seawater and showed that many ma-
terials used in the collection and treatment
of water samples contain high levels of
impurities of various elements.

We have investigated filtration effects
on copper concentrations in freshwater and
saltwater. Samples often are filtered be-
fore chemical examination, as, for example,
betore the colorimetric analysis of turbid
waters. We have demonstrated the effects
of tive types of filters, each of which al-
tered the composition of the sample and
thus affected the reliability of the analvses.

PROCEDURE

The eftect of filtration was determined
by measuring the copper in filtered and
unfiltered portions of freshwater and salt-
water samples. The freshwater was double-
distilled tfrom tap water in an all-glass still,
and the saltwater was taken from East
Lagoon on Galveston Island. Because both
waters were virtually copper-free, portions

of a standardized copper sulfate solution
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wool; Fi—membrane (Gehnan GA-4); F—sintered glass.

were added 24 hr before analysis to obtain
concentrations from 0 to 5 ug-atom Cu/
liter.

Each sample was divided into 6 subsam-
- ples (Table 1), and portions were analyzed
for copper before and after filtration with
each of five types of filters. The experi-
ment was repeated on each of 4 days with
each set made on separate samples ot
water.

The five filter materials were:

1. Untreated filter paper { Whatman No.
1, 18.5-cm diam).

2. Acid-washed f{ilter paper (Whatman
No. 40, 18.5-cm diam).

3. Borosilicate glass wool with fibers
ranging from 5 to 8 wu.

4. Cellulose acetate microporous mem-

TasLE 1. Copper analyses of filtered® and unfiltered water (units: absorbance X 100)
Test level Freshwater Saltwater
_at
%Lf;?i;:; F, F, F, F, F, F, F, F, F, F, F, F,

Block 1

O 0.0 0.2 0.2 0.1 2.2 0.2 0.5 1.1 1.1 0.8 2.3 0.5

1 10.5 4.1 2.2 0.2 11.8 0.2 11.8 102 10.8 51 136 3.9

2 18.9 6.3 4.6 0.> 15.1 0.3 18.0 16.5 16.3 85 21.2 4.3

3 280 143 6.5 2.0 14.1 1.0 28,1 248 246 16,7 32.0 7.9

4 38.8 17.7 10.2 2.0 97.7 4.5 403 298 312 175 329 7.5

5 7.8 31.3 21.0 856 47.1 128 478 396 409 22.0 455 7.3
Block 2

0 0.0 2.2 2.2 1.7 6.4 1.0 0.6 2.6 2.7 2.7 5.5 1.3

1 11.8 11.1 11.1 23 177 8.5 7.9 0.8 9.2 70 13.1 2.8

2 21.6 8.5 5.2 3.3  22.3 1.5 145 16.3 136 129 184 3.4

3 297 108 5.0 2.6 33.8 1.3 274 255 250 160 384 5.8

4 38.8 202 114 44 27.6 5.4 36.7 320 41.2 203 40.5 0.6

5 466 229 152 108 447 8.8 480 400 400 280 472 7.2
Block 3 |

0 0.1 3.0 1.5 1.0 3.4 0.9 0.0 2.2 1.1 1.6 3.6 1.9

1 0.4 4.4 3.0 1.2 0.5 1.7 0.3 7.5 8.5 62 143 2.5

2 18.5 8.9 4.2 3.4 222 0.6 99 109 11.0 67 12.1 1.6

3 27.0 13.b 6.9 2.7 28.0 2.9 1.0 14.2 150 13.0 183 2.0

4 335 17.3 9.9 7.3 200 112 31.5 302 273 149 257 2.8

5 440 210 130 116 33.0 11.1 400 371 37.0 259 47.0 5.0
Block 4

0 0.0 0.5 1.0 1.0 3.6 0.4 0.0 2.5 0.7 0.1 6.1 0.3

1 10.8 3.6 3.0 1.4 5.4 0.4 9.0 7.9 7.0 89 11.0 1.8

9 20.0 7.0 2.6 1.4 225 0.2 150 11.8 12.7 89 18.7 1.9

3 203 13.0 66 100 25.0 2.9 23.8 194 209 174 292 3.2

4 38.0 168 116 58 307 7.3 324 3092 262 180 38.0 4.0

5 455 163 102 27 48.6 4.5 410 326 331 271 459 3.8

* Filter; F,—none; F,—unwashed paper (Whatman No. 1); F,—acid-washed paper (Whatman No. 40); F -—glass

brane filters (Gelman GA-4, 10.2-cm diam,
pore size 0.8 w).

5. Sintered-glass disk (8.9-cm diam,
pores ranging from 10 to 15 u).

Except for the sintered-glass disk, each
filter was used only once. The paper and
membrane filters were folded to fit 60°
glass funnels; the membranes were soft-
ened in distilled water betore folding. The
glass-wool filters were prepared by packing
4 g of the fiber into funnels tightly enough
so that a portion of the wool extended into
the stem of the funnels. The sintered-glass
disk was cleaned before each filtration by
filtering, with the aid of suction, 100 ml of
concd HCl and thirty 100-ml portions of
distilled water through the disk.

Concentrations of copper were deter-
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Tasre 2. Summary of analyses of variance

calculations

Source of variation af > x2 g2 F

Freshwater and saltwater samples

Blocks 3 313.82 10460 10.86*
Concentration 5 2341282 4,682.56 486.25*
Filters 5 14,645 72 2.929.14 304.17*
Water 1 1,533.19 1,533.19 159.21*
(Concn X filters) 25 5,800.83 232.30 24.13*
(Concn X water) 5 631.07 126.21 13.11*%
(Filter X water) 5 1,960.59 392.11 40.72*
(Concn X
filter x water) 25 1,(35.20 41.40  4,30%

Error 213 2,052.60 .63

Total 287 51.394.84

Freshwater samples

Blocks 3 78.22 26.07 2.53
Concentration 5 8,236.42 1,647.28 160.24*
Filters 5 9,828.40 1,965.68 191.21*
(Conen X filters) 25  3,732.50 14930 14.52*
Error 105 1,078.98 10.28

Total 143 22.,954.52

Saltwater samples

Blocks 3 367.94 12264 1531*
Concentration 5 15,807.47 3,161.49 394.69*
Filters 5 6777.91 1,355.82 169.26*
(Concn X filters) 23 3,112.34 12450 15.54*
Error 105 841.27 8.01

Total 143 26,907.13

* Significant at the 12, level.

mined by a biquinoline method (Hoste,
Eeckhout, and Gillis 1953). Before analy-
sis, the pH of all samples was adjusted to
8.0-8.8 with a bulfer of barbital-sodium
barbital. Absorbance was read at 525 my
(325 B glass filter) in 3-ml microcells in
an electrophotometer.

Paper and membrane filters were also
analyzed to determine variation of their
copper concentration before and after use.
They were prepared tor analysis by diges-
tion in a mixture of 3 parts of concd nitric
acid, 1 part of concd sulfuric acid, and 1
part of 70% perchloric acid. The acid mix-
tures were evaporated to about 10% of
their initial volumes, cooled, and neutral-
ized (litmus paper indicator) with sodium
hydroxide. These solutions were then di-
luted with distilled water to about 50 ml,
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Fic. 1. Mean copper concentration of unfiltered

water at 8 test levels.

buffered to the desired pH, and diluted to
a volume of 100 ml before analysis.

The results of copper analyses of the
water samples are shown in Table 1. The
erratic values retlect, we believe, variation
of filter effect with filter type. Copper
analyses are shown as absorbance x 100.
The relation between this unit and the
more conventional concentration unit, ug-
atom Cu/liter, can be seen by comparing
the absorbance units with the test levels
(pg-atom Cu/liter) in Table 1. Because
the relation is weak after some of the filter
treatments, no attempt was made to con-
vert absorbance units to pg-atom Cu/liter.

SOURCES OF ERROR

Analysis of variance calculations were
performed to evaluate the effects of the
tilters, initial concentrations of copper, and
types of water on the concentration of
copper in the filtered samples (Table 2).
Each daily set of analyses was treated as
a block.

There was a large amount of daily vari-
ation in the saltwater samples but not in
the freshwater samples; consequently, sep-
arate analyses were performed for fresh-
water and saltwater (Table 2).

Blocks

Ditferences between determinations made
on different days (blocks) were significant
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TABLE 3. Mean copper concentration {absorbance
X 100) of samples after each treatment*

Filter treatment Freshwater Saltwater
None 23.69 21.23
Membrane 22.49 24 437
Untreated paper 11.457 18.95
Acid-washed paper 7.017 19.02
Glass wool 3.68% 12.68%
Sintered glass 3. 737 3.451

* Results of Tukey’s test which show the least signifi-
cant difference between means (5% level) to be: fresh-
water, 2.83; saltwater, 2.52.

T Significantly different from unfiltered water mean.

at the 1% level when all data were com-
bined but were not significant at that level
tor the freshwater data alone (Table 2).

Because samples at the 6 test levels were
analyzed on each of 4 days, each mean
represents 4 analyses. If no analytical dif-
ferences existed between days and water
types, the saltwater and freshwater analy-
ses at a given concentration of copper
should give identical results. Each saltwa-
ter mean, however, with the exception of
that at 0 concentration, is less than the
corresponding freshwater mean (Fig. 1).
These differences and the fact that the
standard deviations are greater for the 4
analyses of saltwater than for the corre-
sponding freshwater analyses suggest that
either the freshwater or saltwater data are
biased.

The probability of bias is much lower in
the data for freshwater than for saltwater
because the 4 freshwater samples were ac-
tually subsamples of our entire supply of
~ double-distilled water (about 200 liters).
The copper treatment was identical, so the
4 samples were, for all practical purposes,
replicates.

The saltwater samples, however, were
not necessarily replicates because soluble
copper has a tendency to precipitate as a
basic carbonate in saltwater, the amount
varying with pH and salinity {Ferry 1952),
This could account for the low mean values
tor saltwater shown in Fig, 1; although
the saltwater and freshwater samples were
virtually identical in total copper content,
they did not necessarily contain the same
amounts ot detectable copper (the copper
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analysis does not detect un-ionized cop-
per). We believe that variations in pH
and salinity on the 4 samplings days caused
the high standard deviations for the salt-
water data.

Concentration

A significant proportion of the variation
was associated with differences in the con-
centration of copper in the test solutions.
This expected variation was removed so ef-
fects of other factors could be recognized.

Filters

The effects of filters were signiticantly
different at the 1% level (Table 2). The
least significant difference between the
mean levels of copper concentration of all
the samples filtered, at the 5% contidence
level, was calculated by using Tukey’s test
(Table 3). Average values of copper in
freshwater {filtered through a membrane
and in saltwater filtered through paper
(both untreated and acid-washed), when
compared with the means for the remain-
ing filters, could not be distinguished from
those obtained from unfiltered water.

The data in Table 4 suggest that the
filters themselves are contaminated with
copper, to a degree that can be increased
by sample sorption or decreased by sample
elution. If this assumption is true, changes
in the copper concentration of samples and
in the filtering material after filtration
should be opposite but of equal magnitude.

We conducted three experiments, all
with freshwater, to determine the distribu-
tion of copper in sample-filter systems be-
tore and after filtration. Two experiments
were with samples to which copper had
been added—one with the untreated paper
filter and the other with the acid-washed
paper filter—and the third was with cop-
per-free water and the membrane filter.
The amount of copper gained or lost by
the filters and the corresponding losses or
gains ot copper by the filtrate were exam-
ined using “Student’s” ¢-tests (Davies 1954;
Table 5). Results confirm that the filters
were contaminated with enough copper to

account tor the increases in copper concen-
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TasLE 4. Mean copper concentrations detected in the 4 sets of analyses at each test level after each

treatment™
Freshwater Saltwater

Test

level ¥, F, ¥q Fs F, Fe L Fy L Fq F, F,
0 0.0 1.5 1.2 1.0 3.9 0.6 0.3 2.1 1.4 1.3 5.9 1.0
1 10.6 5.8 4.8 1.3 111 2.7 9.5 a.8 8.7 6.3 13.0 2.6
2 19.8 7.7 4.2 2.2 205 0.6 14.4 139 134 92 17.6 2.8
3 285 129 6.2 43 252 2.0 23.8 21.0 214 158 294 4.7
4 37.3 180 10.8 4.9 308 7.1 352 306 315 17.7 34.3 3.7
5 46.0 229 148 85 434 9.3 442 373 378 258 464 5.9

* Type of filter: same as Table 1.

tration of the sample filtrates (Table 4)
and that the filters absorbed sufticient cop-
per to account lor the decreases.

The glass filters were not included in this
series of tests because of difficulties in-
volved in the analysis of this material. We
believe, however, that results from systems
that included the two glass filters would
be similar to those with paper {ilters,

Water

The average concentration of copper in
filtered saltwater was higher than that
in filtered freshwater (Table 3), indicating
a greater loss of copper from freshwater
during filtration. Exceptions were samples
that were filtered through sintered glass.

Interactions

All interactions between main factors
were significant at the 1% level (Table 2).
The interaction between concentration and
filters indicates that the effect of some fil-
ters on the copper concentration is depen-
dent on the initial copper concentration ot
the sample,

The interaction between water type and
copper concentration is seen by comparing
values of unfiltered freshwater with those
of unfiltered saltwater at each test level
(Fig. 1). The variable ditference between
these two sets of means are indicative of
an. interaction.

The filter X water interaction is signifi-
cant at the 1% level and indicates a ditfer-
ence between the action of the individual
filters when used with freshwater and
saltwater.

The three-way interaction can be seen
by comparing the data in Fig, 2 with those
in Fig. 1. The fact that each saltwater
mean is greater than the corresponding
freshwater mean in Fig. 2, whereas the
reverse is true in Fig. 1, indicates the con-
centration X filter X water interaction.

RELATION OF FILTBRATION TO ANALYSIS
FOR TRACE ELEMENTS

In our investigation filtration was a major
source of variation affecting the reliability
of a copper analysis, some caused by cop-
per contamination of the tilter and some

TaBLE 5. Concentration of copper in freshwater and filters before and after filtration

1. Sample -+ Untreated 2. Sample - Acid-washed 3. Copper-free Membrane
copper¥ paper filter¥ copper paper filter sample fiiter
Statistic F LY U N F U U N F U U N
N 8 8 8 8 8 8 5 8 6 G 6 6
X 34.84 1485 27.17 553 3886 1045 2910 168 013 340 625 905
Diff. —-19.99 21.84 -28.41 27.41 3.27 -2.80
“Student’s” 1.49 1.82 1.82
to.0m 2.14 2.14 2.23

* F = filtered; U = undiltered.
+ U =used; N — new.
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Fic. 2. Mean copper concentration of filtered
freshwater and saltwater samples at 6 test levels.

by copper adsorption by the filter media.
At copper concentrations of less than 1.0
pg-atom/liter, such as those normally en-
countered in seawater, the membrane filter
altered the copper concentration of sam-
ples more than did any of the others. Con-
versely, the glass filters (overall the most
objectionable ones tested) were the least
objectionable at natural concentrations.

At the higher levels tested, representa-
tive of those encountered during dinoflag-
ellate control experiments in coastal waters
( Rounsefell and Evans 1958), the effects
of copper absorption by the filters were
greater than the effects of contamination
(Table 4). The one exception was the
membrane filter, which increased the cop-
per concentration of most of the saltwater
samples.

The variation of filter effects with water
type emphasizes the importance of testing
prospective filter material at a wide range
of concentrations.
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Some of the results of this investigation
corroborate those reported by others. San-
dell (1950) questioned the use of paper
filters because of their contaminating and
absorption characteristics and also stated
that inorganic filters are generally prefer-
able to paper filters for trace element
analyses. Qur results indicate that his gen-
eralized statement about inorganic filter
media may not always apply for copper
analyses. At least two inorganic filters—
glass wool and sintered glass—can seri-
ously affect the reliability of a copper
analysis,

K. T. MARvIN
R. R. Procror, ]J=n.
R. A. NEAL

Bureau of Commercial Fisheries,
Biological Laboratory,
Galveston, Texas 77550.
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